It's well known that the harmonic imaging quality can be improved by using sources that radiate narrower and
Introduction
The quality of images provided by ultrasound imaging systems is closely related to the radiation pattern of the source. It's important to get the best resolution and the highest contrast. One can use focused source to improve lateral and axial resolution [1, 2] . Recently harmonic imaging [3, 4] was developed and gets better images quality. This is due to the fact that the harmonic beams are narrower and shows attenuated sidelobes [4] .
However, image quality in terms of resolution and contrast still need to be enhanced. What leads researchers to study "adopized sources". The adopization allows getting an arbitrary power distribution on the surface of the transducer. Hence exponential, cosine and Bessel shapes have been studied. The exponential sources present beams with no sidelobes. Cosine sources present narrower beams. Whereas the Bessel beams show a limited diffraction character.
We studied the exponential aperture [5] and compared the obtained results to the uniform and cosine ones. The exponential beams showed more interesting characteristics for imaging applications than the two others sources. Recently, we studied cosine based apertures [6] which are written as ) ( cos / 1 ξ q with q is an integer and ξ is the transverse variable. The results were compared to Gaussian beams. We, hence, noted that the value of q can improve the cosine aperture's features for imaging systems. Ding and Lu [8] presented the expressions of the fundamental and the second harmonic for a Bessel source. They showed that the second harmonic's width is a half of the fundamental one. In the present study we compared the harmonic patterns of an exponential and a Bessel shaped sources. We developed a resolution code [6, 9] for the Khokhlov-ZabolotskayaKuznetsov equation (KZK). The algorithm is based on the spectral method and allowing computing for several source conditions. Our source is a 
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Theoretical basis
The KZK model [10, 11] model is commonly used to describe non linear ultrasound propagation in a thermoviscous fluid. Many studies [12] [13] [14] [15] [16] 
Then the solution of Eq. (4) is
The inverse of T is calculated using the Thomas' algorithm (or LU method) [17] . Our algorithm is initialized by the source conditions bellow:
f(ξ) is a function that describes the spatial distribution at the source. In the present paper we consider three shapes:
• Uniform:
A, B are parameters that permits to modify the distribution shape. The figure 1 shows these distributions for A=2. 4 
Algorithm validation
In order to validate our algorithm we compare the results with those obtained by the Bergen code. The figure 3 shows the axial distributions of the fundamental and the second harmonic respectively. The curves show a good agreement. The exponential source ( fig.4) shows no nearfield oscillations for both the fundamental and the second harmonic. The fundamental curve decreases from the source which is due to the diffraction effect and the energy transfer to the second and higher harmonics. The second harmonic maximum is close to the source. These results fit with the Gaussian beam propagation. Bessel source ( fig.5 ) shows less amplitude oscillations in the nearfield zone. We can conclude here that the amplitude of the nearfield zone oscillations is related to the shaped of the source distribution.
At the other hand the last maxima for both the fundamental and the second harmonic move according to the shape of the source distribution. We had reported this when we studied the cosine shape source [6] . The figures 6 to 8 and 9 to 11 show the transverse distributions of the fundamental and the second harmonic respectively for the studied sources in the nearfield ( fig. 7) is larger than the second harmonic one ( fig. 10 ). On the other side the Bessel beams are less diffractive since their widths are slightly changing with propagation ( fig. 8 and 11 ). . Hence we note a focusing effect even for plane Bessel source. Further the second harmonic show a beam width that still under the limit of 50% of the source diameter. This could be a good index for using the Bessel sources in the imaging systems.
The figure 12 shows the radiation pattern of the fundamental in the ( ) The figure 13 presents the spatial distributions of the second harmonic beams.
In the exponential source's case the second harmonic is generated earlier and enlarging with propagation distance. The Bessel source presents a narrower width in the transition zone (
Elsewhere the beam is slightly larger and shows attenuated sidelobes. 
Conclusion
In this paper we developed an integration algorithm for the KZK equation. The code is based on the spectral method and allows studying several sources' shapes. In order to validate the code the results are compared to those obtained by Bergen code. We noticed a very good agreement.
Exponential and Bessel beams are the two source's shapes studied. The results obtained by each of them are compared to those of uniform aperture.
We concluded that we can choose a suitable distribution power on the source in order to minimize the level of the nearfield oscillations. We can also find a source shape leading to harmonic beam with less diffraction and attenuated sidelobes
We noted that the studied Bessel source (A=2.4) presents, in the nearfield and the transition zone, a quasi constant beam width and attenuated sidelobes. This could favour this source vs. the exponential one whose beams are enlarging with propagation.
The Bessel shape source's features can be interesting for the medical imaging fields. Furthermore the production of a Bessel beam is difficult using a monodimensional PZT transducer. Yet the recent progress concerning the micromachined transducers [18] makes it possible to generate complex power distributions especially Bessel beams.
